Traumatic brain injury (TBI) is a significant public health problem in the US. Specific preexisting medical illnesses delay recovery after TBI and increase mortality or risk of repeat TBI. This study examined the impact of preexisting illness and substance use on patient rehabilitation outcomes following TBI. The Functional Independence Measure total score and Disability Rating Scale score measured functional outcomes at discharge from inpatient rehabilitation, while the Trail Making Test A and B and Total Trials 1-5 of the California Verbal Learning Test-II measured neuropsychological outcomes in 128 TBI survivors with moderate or severe TBI. Results showed that the presence of a heart condition or diabetes/ high blood sugar was associated with lower functional outcomes by discharge. A history of a heart condition, stroke, or respiratory condition prior to TBI was associated with reduced cognitive flexibility. Those with preexisting diabetes/high blood sugar demonstrated poorer visual attention, visuomotor processing speed, and ability to learn and recall verbal information. Those with pre-TBI cancer also had greater auditory-verbal memory deficits. The findings showed that specific preexisting medical conditions are independently associated with lower functional and cognitive outcomes for patients with TBI. By screening patients for preexisting medical conditions, multidisciplinary TBI rehabilitation teams can identify patients who require more aggressive treatments or greater length of stay.
T he purpose of this study was to examine the relation of preexisting medical illnesses and substance use with both functional status and neurocognitive status at the time of discharge from inpatient rehabilitation in individuals with traumatic brain injury (TBI). Preexisting cancer, preexisting liver disease, and use of tobacco/cigarettes were included, as few studies have examined their association with post-TBI functional outcomes. No studies to date have evaluated the impact of preexisting medical illnesses on neuropsychological outcomes.
METHODS
Th is study was part of the Traumatic Brain Injury Model System (TBIMS), with data collected at a center in an urban metroplex in the Southern US ( 1 ) . TBIMS is a longitudinal multicenter, prospective, observational study of patients aged ≥16 years who sustained a moderate to severe TBI due to blunt or penetrating injuries. Additional information regarding TBIMS inclusion criteria and the defi nition of TBI can be found in Dijkers, Harrison-Felix, and Marwitz's historical review of the TBIMS ( 1 ). Patients with concomitant spinal cord injury, whose inpatient rehabilitation course exceeded 90 days, or who died during their inpatient rehabilitation stay were excluded from this study. Collection of preexisting medical illnesses and substance use information was initiated in October 2012. Th erefore, 138 patients enrolled in the TBIMS longitudinal study between October 1, 2012, and November 5, 2013, were screened for inclusion in this retrospective study. Of 138 screened patients, 128 (93%) had both complete functional outcome data and information regarding all preexisting health conditions in the TBIMS national database. Patients with preexisting medical illness (n = 39) were compared with those without any such illnesses (n = 89).
Of the 128 patients with preexisting health data, neuropsychological testing was obtained in 77 patients (60%) after repeated evaluation confi rmed that the patients had emerged from posttraumatic amnesia (PTA) and were oriented 72 hours later during their rehabilitation course. Th e rest of the patients (n = 51) were still in PTA at or near the time of discharge from rehabilitation and hence were excluded from neuropsychological testing. Testing was completed by the neuropsychologist or psychometrist on the inpatient TBI service. Data were included
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Based on preexisting health status and duration of PTA, patients fell into one of four groups: 1) patients with preexisting illness who completed neuropsychological measures; 2) patients with preexisting illness who did not complete neuropsychological measures; 3) patients without a history of preexisting illness who completed neuropsychological measures; and 4) patients without a history of preexisting illness who did not complete neuropsychological measures.
Functional outcomes were measured using the total score of the Functional Independence Measure (FIM) ( 3 , 4 ) and Disability Rating Scale (DRS) ( 3 , 5 ) at discharge. Neuropsychological outcomes were measured during inpatient rehabilitation using the Trail Making Test (TMT) ( 6 -8 ) completion time in seconds and the California Verbal Learning Test, 2nd edition (CVLT-II) ( 9 ) total number of items immediately recalled on Trials 1 to 5. Th ese are the only neuropsychological measures currently available in the TBIMS National Database.
Briefl y, the FIM comprises 18 items designed to measure functional independence in self-care, mobility, and communication and social cognition ( 3 , 4 ) . Performance on each item is rated between 1 and 7 (7 = complete independence). Th e maximum score possible on the FIM is 126 ( 4 ). Higher FIM scores refl ect better functional status. FIM effi ciency was defi ned as FIM change (FIM discharge -FIM admission ) divided by total length of stay, in days.
Th e DRS is an 8-item scale that incorporates a modifi cation of the Glasgow Coma Scale items and other items assessing cognitive ability to manage activities of daily living, the need for assistance or supervision, and potential employability ( 3 , 5 ) . Th e maximum score possible on the DRS is 29, with zero indicating lack of disability. A lower DRS score refl ects better functional status. DRS effi ciency was defi ned as DRS change (DRS discharge -DRS admission ) divided by total length of stay, in days.
Th e TMT consists of part A, which measures visual attention and visuomotor processing speed, and part B, which measures the same functions as part A and mental fl exibility. It is a brief and reliable measure that has been shown to be sensitive to cognitive impairments commonly exhibited in individuals with TBI ( 6 -8 ) . Th e score is based on completion time in seconds for each part (TMT:A and TMT:B) and is converted to a T score.
Th e CVLT-II is a comprehensive assessment of auditoryverbal learning and memory. Th e split-half reliability estimate ranges between 0.90 and 0.96. Construct validity for the CVLT-II is adequate ( 9 ) . A composite score refl ecting total number of items learned and immediately recalled across fi ve exposure trials (Total List A Trials 1-5) was used in this study and was presented in the form of a T score. Th is is the only CVLT-II index available in the TBIMS database.
Age, sex, race/ethnicity, years of education, marital status, duration of PTA, length of stay, discharge disposition (home vs. care facility), and functional status at admission using the FIM and DRS were included in the analysis ( 3 , 10 -16 ) .
Information on the presence or absence of medical conditions and substance use prior to TBI was obtained from patients' medical charts and by querying patients or family members. Th e conditions were predefi ned by the TBIMS: hypertension/high blood pressure, stroke, diabetes/high blood sugar/sugar in the urine, cancer, liver disease, emphysema/asthma/chronic obstructive pulmonary disease, use of tobacco/cigarettes, alcohol consumption, and use of illicit/nonprescription drugs. Congestive heart failure, myocardial infarction, and other heart conditions were merged into a single category, heart condition, due to the small number of patients in these individual heart conditions. Alcohol use was defi ned by the number of days per week or month alcoholic beverages (beer, wine, wine coolers, liquor) were consumed, the number of drinks consumed on average in a sitting, and the number of times the individuals consumed ≥5 drinks in a sitting the month prior to the TBI. Moderate use was 1 to 3 drinks and heavy use was >3 drinks, as defi ned by the National Institute on Alcohol Abuse and Alcoholism ( 17 ) . Drug use was defi ned as use of any illicit or nonprescription drugs. Th is study was approved by Baylor University Medical Center's institutional review board.
Analyses were conducted using SAS, version 9.3 (SAS Institute Inc., Cary, NC). Linear regression was used to measure associations between preexisting medical illness and patient outcomes, while adjusting for patient demographics, severity of TBI, and functional status at admission, with P < 0.05 considered signifi cant. All assumptions justifying use of linear regression were satisfi ed. Separate models were developed for each of the fi ve outcomes. First, regression analyses were conducted examining the relationship of an individual preexisting illness with fi ve outcomes: FIM at discharge, DRS at discharge, TMT:A, TMT:B, and CVLT-II. Next, the full regression model was examined to evaluate the impact of all preexisting illnesses combined on the fi ve outcomes. Th e full regression model included all of the preexisting medical illnesses and substance use as covariates, as well as other potential confounders listed previously. Th e GLMSelect procedure was used to fi nd the optimal model using the Schwarz Bayesian criteria. Table 1 summarizes patient demographics for each of the four groups. Th e mean age of the overall study population was 47 years. Approximately 75% were men, 28% were racial/ethnic minorities, and 32% were married. Th e education level of these patients varied from less than high school (11%) to completion of graduate school (12%). Fifty-nine percent of patients engaged in moderate or heavy alcohol use prior to the TBI. Patients were admitted to rehabilitation centers at a mean of 2 weeks after sustaining injuries and had a mean inpatient rehabilitation stay of 19 days. Patients emerged from PTA a mean of 2 weeks from the time of injury (range = 1 to 22 days). Nearly 88% of the patients were discharged to their homes. Table 2 shows patients' functional status at admission and discharge and scores on three neuropsychological measures (TMT:A, TMT:B, and CVLT-II) during their inpatient stay.
RESULTS
Hypertension was the most common condition, found in 28% of patients ( Table 3 ) . About 16% had some form of heart condition, and about 10% had diabetes mellitus/high blood sugar. Few patients were diagnosed with stroke, respiratory conditions (emphysema/asthma/chronic obstructive pulmonary disease), cancer, or liver disease. Eighteen percent of the patients consumed >3 alcoholic beverages daily, while the rest consumed ≤3 alcoholic beverages daily (nonsignifi cant relationship with outcomes and therefore alcohol consumption was not included in Table 4 ). About 13% used illicit substances and 34% used tobacco or nicotine before their injury, but these predictors were not associated with outcomes.
After adjusting for demographic variables, severity of TBI, and functional status at admission, regression analyses revealed that at discharge, patients with two or more of any type of preexisting medical illness performed a mean of 13 points lower on the FIM than patients without two or more illnesses. None of the preexisting illnesses alone demonstrated a signifi cant relationship with any of the fi ve outcomes ( Table 4 ) .
Th e full regression model ( Table 5 ) , which was also adjusted for demographic variables, severity of TBI, and functional status at admission, revealed that preexisting heart condition was associated with lower functional outcomes, as measured by spite the fact that some diff erent preexisting conditions and the DRS were additionally examined in the present study ( 18 ) . Lew and his colleagues found that individuals with preexisting seizure disorder, congestive heart failure, diabetes mellitus, parkinsonism, and chronic low back pain obtained lower total FIM scores at admission and discharge from inpatient rehabilitation ( 18 ) . Th ese fi ndings are relevant because half of TBI patients with preexisting medical conditions experience acute medical problems during their inpatient rehabilitation stay, which may further compromise gains ( 18 ) . Ensuring comprehensive medical treatment of these conditions early in TBI patients' rehabilitation course may impact their functional outcomes. Medical interventions may vary from those previously prescribed to patients due to TBI-induced changes in pressure-volume dynamics that infl uence the relationship of blood pressure with intracranial pressure changes, and changes in oxygen, mineral, and water metabolism that can adversely aff ect renal, heart, and immune system functioning ( 19 , 20 ) .
Identifi cation of these patients is also important because these risk factors are predictive of physical dependence and the potential of suff ering a superimposed stroke/vascular event following the TBI ( 21 ) . Cardiovascular risk factors (hypertension, coronary artery disease, diabetes mellitus, smoking, alcohol intake) have been shown to be associated with development of white matter lesions or small subcortical infarcts, which tend to be correlated with reduced premorbid cognition ( 21 -26 ) . Changes in executive function are most pronounced ( 21 , 25 ) . TBI is not currently identifi ed as a risk factor for stroke. However, one trauma database found that 37% of trauma patients are admitted secondary to TBI and, in a 2½-year follow-up period, patients who suff ered a TBI had a 31% increased risk of being hospitalized secondary to ischemic stroke over non-TBI trauma patients ( 27 ) .
Since these specifi c preexisting conditions have the potential to alter the course of rehabilitation, an important implication is that patients with TBI should be screened for the presence of preexisting medical illness at the time of admission to inpatient rehabilitation. Knowledge of a preexisting respiratory condition will allow rehabilitation care teams to better personalize that patient's care by prompting ancillary referrals. Augmentation of care via aggressive respiratory therapy may enable these patients to make functional gains that would be delayed or lost due to oxygen insuffi ciency. Receiving information regarding a preexisting history of diabetes/high blood sugar sooner can facilitate immediate placement of a patient on an American Diabetes Association-approved diet. Family members can be trained to routinely check the patient's blood glucose levels and off er snacks depending on their readings, or a glycosylated hemoglobin test can be initiated for cognitively impaired individuals. Additional treatment/therapies for heart or respiratory problems may extend length of stay beyond what is indicated by the patient's payer. Th is information may play a role in TBI advocacy eff orts and may indicate a need for follow-up care following discharge from inpatient rehabilitation.
Evidence that a subset of individuals with TBI experience progressive functional decline in the years following TBI may a 7.4-point lower discharge FIM score on average (β = -7.37, P = 0.02). Similarly, the presence of preexisting diabetes mellitus/ high blood sugar was associated with a 12-point lower discharge FIM score (β = -11.99, P = 0.003). Individuals with a history of a heart condition (β = 87.98, P = 0.01), stroke (β = 57.56, P = 0.02), or respiratory condition (β = 159.36, P = 0.005) demonstrated reduced cognitive fl exibility. As an example, patients with a preexisting respiratory condition took 159 seconds longer on average to complete the TMT:B task (longer completion time on TMT:A and TMT:B equates to poorer performance). Patients with TBI who had preexisting diabetes/high blood sugar demonstrated poorer visual attention, visuomotor processing speed (TMT:A: β = 25.25, P = 0.02), and ability to learn and recall auditory-verbal information (CVLT-II: β = -17.33, P = 0.005). A history of cancer prior to TBI was associated with lower auditory-verbal learning and memory (CVLT-II: β = -20.43, P = 0.01). Th e fi nal models explained varying magnitudes of variability in the outcomes (using R 2 for linear regression): FIM at discharge, 60%; DRS at discharge, 48%; TMT:A, 49%; TMT:B, 69%; and CVLT-II, 43%.
DISCUSSION
After accounting for demographic variables, severity of TBI, and functional status at admission, a history of a preexisting respiratory condition, cancer, and conditions known to be cerebrovascular risk factors (heart condition, stroke, diabetes/ high blood sugar) remained signifi cant predictors of functional outcomes and neurocognitive functioning at discharge from inpatient rehabilitation. In other words, worse outcomes were predicted beyond the direct eff ects of TBI.
Th e fi ndings of this study relating to functional outcomes are similar to those in the study of Lew, Lee, and Zeiner, de-explain why researchers in TBI and the Institute of Medicine are beginning to consider TBI a chronic health condition ( 28 , 29 ) . Th ese fi ndings highlight a need to study any reversible risk factors that may be associated with further cognitive deterioration in patients with TBI and additional medical illnesses that may develop in the months and years following discharge from inpatient rehabilitation. Early identifi cation and treatment of these medical conditions is an important part of TBI rehabilitation care.
Th e results should be interpreted in light of the study's limitations. Th is study involved a small sample size, and neuropsychological test data were available for only about half of the patients. Selection of neuropsychological outcome measures was limited by availability of specifi c measures and indices in the TBIMS national database. Data entry of one specifi c CVLT-II index is required of TBIMS centers. A future study examining the relationship between preexisting conditions and other indices of the CVLT-II that measure executive functioning and additional executive measures assessing word generation, problem-solving, and inhibition would be beneficial. Only discharge outcomes were examined, given that neuropsychological variables are collected during inpatient rehabilitation but not at follow-up intervals.
No data were available concerning services received by patients during inpatient rehabilitation and the amount of time spent in each rehabilitation discipline. Th erefore, the impact of receiving speech, physical, and occupational therapies on outcomes in this study is not known. This was a single TBIMS center study, and hence the fi ndings may not be generalizable to other rehabilitation centers or to the entire population of individuals with TBI. Patient functional outcome measurements varied by the tool used despite moderate correlations between the DRS and FIM ( r = -0.58). As noted in a previous study by these authors, this highlights the need for a composite score using multiple existing tools to measure functional outcomes ( 30 ) . Inclusion of predictors was not exhaustive, and variables such as family support and income were not available but may have infl uenced the strength of the relationship between preexisting medical illness and outcomes in this study.
Th e specifi c preexisting conditions included as predictors were those that were available in the database. Had preexisting conditions such as seizure disorder/epilepsy and pain been available, they could have been included in the analyses as well. Information regarding preexisting psychological illnesses was also unavailable, but it would be interesting to examine their impact on functional and neurocognitive outcomes as well. Th is study was further limited by a lack of information regarding subtypes and anatomic location of the diseases. It was unknown whether a patient was diagnosed with a brain malignancy versus colon cancer or whether a patient had type 1 versus type 2 diabetes. It was unknown if preexisting conditions were controlled or uncontrolled at the time of injury or were severe, chronic, or reversible. 
